Introduction/Background {#sec1-1}
=======================

Thyroid cancer is the most common endocrine malignancy.\[[@ref1]\] Papillary thyroid carcinoma (PTC) is the most common malignant tumor among all thyroid cancers, accounting for an estimated 75-85% of thyroid cancers.\[[@ref2]\] In India and worldwide, it appears to be a major health problem. In the USA, the estimated new cases in 2015 was 62,450.\[[@ref3]\] In India, the National Cancer Registry Programme has reported the thyroid gland as the leading site of cancer accounting for 1.5% of all cancers in men and 3.3% in women.\[[@ref4]\] The increasing incidence of thyroid cancer, especially PTC, is of concern.\[[@ref2]\]

PTC is more common in females and the peak age group is 30-50 years,\[[@ref5]\] with some variations in different populations.\[[@ref6][@ref7]\] Such age-specific data are not available for our population. In the last few years, we have noticed it to be occurring more often in younger patients. This study was conducted to find out the epidemiological pattern of this tumor in our population and to observe and analyze the shift in the peak age for this tumor, if present. In contrast to the high incidence, death from PTC is rare and most patients respond well to surgery and targeted therapy with radioactive iodine. PTC in the younger age group has a better prognosis as compared to the middle age group. Hence, early diagnosis can be greatly beneficial.

The established diagnostic criteria of PTC on fine-needle aspiration cytology (FNAC) and histopathology are characteristic. FNAC is the first-line diagnostic test for the evaluation of swellings of the thyroid gland. It is an efficient method of selecting patients who require surgical treatment owing to its simplicity, low cost, high sensitivity, and specificity. Despite these advantages, FNAC can be limited by the quality of the material. There is a worrisome possibility of false positive and false negative results on cytology, which can have a serious effect on patient care. The most common reasons for false-positive diagnosis are the presence of similar features in various other diseases of the thyroid gland.\[[@ref8]\] A false negative diagnosis could have been given in cases where the characteristic features of papillary carcinoma are absent or these features are present less frequently in cytology smears. Another aim of our study was to analyze the correlation between the cytological diagnosis and histopathological (HP) diagnosis of PTC. This would allow the pathologist to be more vigilant when dealing with such cases in order to avoid misdiagnosis.

Materials and Methods {#sec1-2}
=====================

This is a retrospective analysis conducted between 2009 and 2014 at our institution and it was approved by the institution\'s ethical committee. It included all the cases reported as PTC either on cytology or histopathology. The data were searched from cytology and histopathology records. The information gathered were the age and sex of the patient, and cytology and histopathology diagnoses so as to study the age distribution of this tumor and correlation between the cytology and histopathology reports. An attempt was made to find out if there was any frequent cause of misdiagnosis.

Results {#sec1-3}
=======

In the database, there were a total of 72 cases reported as PTC on cytology or histopathology. The cytological diagnosis of PTC was given in 53 cases and "suspicious for PTC" in 10 cases. All the 53 cases were confirmed to be PTC on HPE. Out of 10 cases reported as "suspicious for PTC" on cytology, six cases were confirmed on HPE. In four cases, the cytological diagnosis did not correlate with the HPE diagnosis amounting to false positives of 5.56% \[[Figure 1](#F1){ref-type="fig"}\]. The HPE diagnosis in these cases was adenomatous goiter in two cases, Hashimoto\'s thyroiditis in one case, and nodular goiter in one case \[[Table 1](#T1){ref-type="table"} and Figure [2a](#F2){ref-type="fig"}--[c](#F2){ref-type="fig"}\].

![Cytology--histopathology correlation among the cases analyzed](JCytol-33-192-g001){#F1}

###### 

Details of false positive cases on cytology

![](JCytol-33-192-g002)

![Cytology of cases reported as "suspicious of papillary carcinoma": (a) Showing nuclear grooves (arrows). This case on histopathology was found to be of adenomatous goiter. (MGG stain, ×100) (b) Showing intranuclear cytoplasmic inclusions (arrows). This case on histopathology was found to be nodular goiter. (MGG stain, ×100) (c) Showing nuclear grooves (black arrows) and intranuclear cytoplasmic inclusions (yellow arrow). This case on histopathology was found to be Hashimoto\'s thyroiditis. (MGG stain, ×40)](JCytol-33-192-g003){#F2}

The HPE diagnosis of PTC was given in 68 cases, out of which in nine cases the cytology reports differed. This amounted to a false negative rate of 13.2%. The cytology diagnosis in seven out of these nine cases was follicular neoplasm, in one case cystic lesion of the thyroid gland, and Hashimoto\'s thyroiditis in one case. The HPE diagnosis for these nine cases was a follicular variant of PTC in seven cases, cystic PTC in one case, and micropapillary carcinoma arising in Hashimoto\'s thyroiditis in one case \[[Table 2](#T2){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\].

###### 

Details of false negative cases on cytology
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The sensitivity (true positive/true positive + false negative) of FNAC for detecting PTC was 86.7% and positive predictive value (true positive/true positive + false positive) was 93.6% \[[Table 3](#T3){ref-type="table"}\]. The false positive rate, specificity, and negative predictive values could not be calculated as the study included only PTC cases and there were no true negative cases.

###### 

Cytohistopathology correlation
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The age and sex distribution of PTC was calculated for 68 cases and was confirmed to be PTC on histopathology. There were 52 females and 16 males (female:male ratio-3.25:1). The age distribution among our cases is shown in [Table 4](#T4){ref-type="table"} and [Figure 3](#F3){ref-type="fig"}. The peak incidence was noted in the age range of 31-40 years among females and 41-60 years among males.

###### 

Age distribution of papillary carcinoma of thyroid in our study
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![Age distribution of the cases in the present series](JCytol-33-192-g007){#F3}

Discussion {#sec1-4}
==========

Thyroid diseases are among the most common endocrine disorders worldwide. In India too, there is a significant burden of thyroid diseases.\[[@ref1]\] Papillary carcinoma is the most common type of thyroid malignancy. According to Surveillance, Epidemiology, and End Results (SEER) stat fact sheets, the number of estimated new cases of thyroid cancer in 2014 was 62,980 and it accounted for 3.8% of all the new cancer cases with the estimated deaths amounting to 1,890.\[[@ref7]\] In India, the National Cancer Registry Programme has reported thyroid as a leading site of cancer accounting for 1.5% of all cancers in men and 3.3% in women.\[[@ref4]\]

The literature shows a clear preponderance of PTC in females. The reported female:male ratio varies between 2:1 and 4:1.\[[@ref2][@ref5]\] In our study, the ratio was 3.25:1. This is in concordance with the previous studies. The Indian Council of Medical Research established the National Cancer Registry Programme, which has collected the data of more than 300,000 cancer patients between 1984 and 1993. Among these patients, the National Cancer Registry Programme (NCRP) noted 5,614 cases of thyroid cancer, and this included 3,617 females and 2,007 males.

Most papillary carcinomas are diagnosed in patients in the third to fifth decades of life.\[[@ref5]\] Carcangiu *et al*. from Italy noted the peak incidence in the age group of 31-40 years.\[[@ref9]\] Their incidence gradually decreased till \>70 years age group. According to the cancer research statistics of the UK, age-specific incidence rates in males rise gradually from around the age of 1-14 years.\[[@ref6]\] The rates in females rise sharply from around the age of 10-14 years, reaching a peak at the age of 35-39 years and then remaining high.\[[@ref6]\] Incidence rates are higher for females than for males for most age groups.\[[@ref6]\] In our study also, the peak age group was 31-40 years in females and 41-60 years in males. The age-specific incidence in females remained relatively high till the age of 70 years. These observations are similar to those of the UK cancer society.\[[@ref6]\] Unlike the UK cancer society, we noted a decline in incidence after 70 years of age, which was probably because of a lesser life expectancy in our Indian population.

According to SEER, between 2007 and 2011, the peak age for thyroid cancer was 45-54 years with 24.2% cases.\[[@ref7]\] The age group with patients less than 20 years accounted for only 1.8% of the cases.\[[@ref7]\] In the present series, which included only PTC, there were seven cases who were less than 20 years of age accounting for 10% of the total cases. Six of the seven patients were in the 11-20 years age group and only one patient was less than 10 years of age (7 years at the time of diagnosis). This indicates a much higher incidence of this tumor in our younger population as compared to the American population. However, our incidence in \<20 years age group appears to be similar to the publication from Italy.\[[@ref9]\] A trend toward an increase in pediatric thyroid cancer has been noticed by other researchers as well.\[[@ref10]\]

The incidence of clinically palpable thyroid nodules in children is estimated to be around 1-1.5%. However, in teenagers this prevalence is 13%.\[[@ref11]\] When compared to adults, children have four times greater risk of malignancy when a thyroid nodule is diagnosed.\[[@ref12]\] Despite this, pediatric thyroid cancers have a much better prognosis than their adult counterparts with an almost 100% disease-free survival.\[[@ref13]\] Hence, all the thyroid nodules in children should be screened with high suspicion.

FNAC is regarded as a gold standard in the initial diagnosis of thyroid nodules. It is simple, reliable, time-saving, minimally invasive, and cost-effective. One of the major advantages is that FNAC can be done as an outpatient procedure. The diagnostic value and accuracy FNAC in the evaluation of thyroid nodules is well-established. FNAC is relied upon to distinguish benign from neoplastic or malignant thyroid nodules and therefore, has led to a dramatic decrease in thyroid surgeries.\[[@ref14]\] However, fine-needle aspiration has some limitations such as specimen inadequacy, sampling techniques, worrisome histologic alterations following fine-needle aspiration of the thyroid (WHAFFT) changes, and false negative and false positive results.\[[@ref15][@ref16]\] The cytopathologist should be aware of these potential limitations of FNA interpretation. Histopathological examination (HPE) of surgically excised thyroid gland swelling is the most accurate way to determine the pathology.

In the present study, cytology diagnosis clearly correlated with histopathology diagnosis in 53 out of 72 cases. In 10 cases, cytology diagnosis was given as "suspicious for papillary carcinoma"; these cases were also included in the papillary carcinoma group on cytology in this study because all the cases "suspicious for papillary carcinoma" of the thyroid gland are considered as papillary carcinoma as far as treatment is concerned. Out of 10 cases of "suspicious for papillary carcinoma," six cases were confirmed as papillary carcinoma in HP. In the remaining four cases, the cytological diagnosis did not correlate with HP, resulting in false positives of 5.56%. The false positive rate, specificity, and negative predictive values could not be calculated as the study included only PTC cases and there were no true negative cases. The HP diagnoses in these four cases were adenomatous goiter in two cases, Hashimoto\'s thyroiditis in one case, and nodular goiter in another.

It is noteworthy that all the cases, which were reported as papillary carcinoma on cytology proved to be so on HP. This indicates that when sampling was adequate and there was presence of frequent characteristic features on cytology, the diagnosis was confirmatory, whereas four out of 10 lesions that were reported as "suspicious of papillary carcinoma" were not found to be papillary carcinoma on HP. This emphasizes the pitfall of FNAC in rendering confirmed diagnosis in cases where there is a paucity of characteristic features of PTC.

The cytohistological correlation including the suspicious cases came to 81.94%. The literature review for similar studies has reported a correlation ranging from 72% to 88%.\[[@ref14][@ref17][@ref18][@ref19][@ref20]\]

Although cytologic diagnosis of papillary carcinoma has a high specificity, it is the most common false positive diagnosis when compared to other thyroid malignancies because of the presence of papillary carcinoma-like features in other lesions as well. The percentage of false positive cytological diagnosis in our study was 5.56% as compared to the literature percentage ranging from 5.25% to 11.60% in various studies.\[[@ref15][@ref17][@ref18][@ref20][@ref21]\]

The reason accountable for false positive diagnosis in our study and also in the literature was the presence of features diagnostic of PTC, which can also be seen in benign conditions of the thyroid gland. There is evidence in the literature that the characteristic features of PTC such as nuclear grooves, nuclear pseudoinclusions, and many more features can be seen in benign conditions of the thyroid gland such as adenomatous goiter, Hashimoto\'s thyroiditis, nodular goiter, and follicular neoplasm.\[[@ref8][@ref22]\] However, studies have stated that the occurrence of these features in benign lesions is very less as compared to PTC.\[[@ref23]\] In our study also, we observed the same reasons for false positive cases. Figures [2a](#F2){ref-type="fig"} and [c](#F2){ref-type="fig"} show nuclear grooves on the cytology of cases, which were found to be adenomatous goiter and Hashimoto\'s thyroiditis on histopathology, respectively. Similarly, Figures [2b](#F2){ref-type="fig"} and [c](#F2){ref-type="fig"} show intranuclear cytoplasmic inclusions on the cytology of cases, which were found to be nodular goiter and Hashimoto\'s thyroiditis on histopathology, respectively. Owing to the presence of these characteristic features of PTC, these cases were reported as "suspicious of PTC" on cytology. However, all the four cases showed the presence of nuclear grooves and intranuclear cytoplasmic inclusions in less number of cells and in addition, the other characteristic features of PTC such as metaplastic cytoplasm, psammoma bodies, and three-dimensional fragments were absent. Hence, the awareness of pathologists in this context and strict adherence to adequacy criteria can reduce the false positive rate.

The false negative FNAC results may occur because of sampling error or misinterpretation of cytology, and are of great concern because they indicate the potential to miss a malignant lesion. An adequate cellular aspirate is indispensable for an accurate diagnosis.

In present study, nine cases with a diagnosis of PTC on HPE had been misdiagnosed on cytology. Out of these, for seven cases a diagnosis of follicular neoplasm had been rendered on cytology and the corresponding HPE diagnosis was a follicular variant of PTC (FVPTC). Out of the remaining two cases, one was Hashimoto\'s thyroiditis and the other was cystic lesion of the thyroid gland. The false negative rate in the present study was 13.2% as compared to 4-19% reported in other comparable studies.\[[@ref17][@ref18][@ref20][@ref21]\]

Studies in the past have highlighted the fact that in FVPTC, the nuclear features essential for a cytologic diagnosis of PTC are infrequent.\[[@ref24][@ref25][@ref26][@ref27]\] One of the most common and clinically significant pitfalls in the assessment of an aspirate of a follicular lesion is the failure to recognize the nuclear features of the FVPTC, the most common variant of papillary carcinoma.\[[@ref28]\] Cytological diagnosis is difficult because of the paucity of nuclear changes of papillary carcinoma.\[[@ref20]\] This indicates that the sensitivity of FNA in establishing a diagnosis of FVPTC is low.\[[@ref29]\] These concerns in the literature are further affirmed in our observation study where FVPTC cases accounted for the high false negative rate (seven out of nine false negative cases). From this, we infer that the presence of infrequent nuclear features with a follicular pattern in cytology should alert the pathologist to consider the diagnosis of FVPTC, which is a major diagnostic challenge.

False negative diagnosis can also occur due to inadequate sampling or due to the aspiration of fluid in cystic lesions of the thyroid gland with an underlying malignancy, as happened in one of our cases (reported as cystic lesion on cytology). Among all the thyroid cancers, PTC tends to undergo marked hemorrhagic degenerative changes. Sampling of this hemorrhagic fluid with sparse tumor cells may result in false interpretation as a benign cyst.\[[@ref30]\] In the present case, suggestion for surgical excision had been given by the pathologist in order to rule out an underlying malignancy, which led to timely surgery and saved the patient of undue complications of PTC.

Although fine-needle biopsy is the best predictor of malignancy in either cystic or solid thyroid lesions, it is slightly less reliable when a thyroid lesion is fluid-filled rather than solid.\[[@ref31]\] A close follow-up or thyroid lobectomy for diagnosis should be strongly considered in these patients even when FNA cytologic finding is interpreted as benign.\[[@ref32][@ref33]\] Meticulous examination of all the smears is of paramount importance in reducing discrepant cases.\[[@ref20]\] Any recurrent cystic lesion should raise a strong suspicion for malignancy and should be treated accordingly.

One of the other false negative cases was reported as Hashimoto\'s thyroiditis on cytology. This case on HPE was found to be papillary microcarcinoma of the thyroid gland. The term papillary microcarcinoma is used when the papillary carcinoma is an incidental finding and measures less than 1 cm in diameter. Papillary microcarcinoma arising in Hashimoto\'s thyroiditis or in any other benign lesion has high chances of being missed because FNAC is a blind procedure and as a result of which the aspirated sample may not be fully representative of the existing lesion. Papillary microcarcinomas of the thyroid (i.e., papillary carcinomas \<1 cm in size) are frequent; autopsy surveys have revealed a prevalence of up to 30% in high-risk groups.\[[@ref34]\] However, their clinical impact is limited in the vast majority of cases and do not cause a significant reduction in the survival.\[[@ref35]\]

In our study, we found that FNAC is a reliable method of screening thyroid nodules for PTC with a sensitivity as high as 86.7% and a positive predictive value of 93.6%. However, there are some studies in the literature reporting a sensitivity of as low as 55.3% and a false negative as low as 44.7%.\[[@ref36]\] Our results are comparable to other reports in the literature.\[[@ref14][@ref17][@ref21][@ref35][@ref37][@ref38]\] The likely reason reported for lower sensitivity in a series of Mistry *et al*. was a combination of operator variability, low number (56 cases), and diagnostic difficulty of using FNAC in certain thyroid pathologies.\[[@ref36]\] In our series of 72 cases where FNACs were conducted by trained personnel and cytology smears studied by an experienced pathologist, the FNAC had high sensitivity and positive predictive value.

Conclusion {#sec1-5}
==========

PTC is the most common thyroid malignancy and its incidence seems to be on a rise. There appears to be an increase in its incidence in the younger population, causing an epidemiological shift in the age distribution. Early diagnosis is extremely essential for timely treatment and good prognosis. FNAC serves as a gold standard and an indispensable tool for early diagnosis. However, FNAC has pitfalls that lead to false positive and false negative diagnosis. False positive diagnosis can be caused due to the presence of characteristic features of PTC in benign conditions of the thyroid gland. False negative diagnosis occurs as a result of inadequate sampling and the presence of infrequent nuclear features of PTC, which can cause diagnostic dilemma such as in FVPTC. Cystic PTC is another diagnostic challenge and can be missed on FNA. Therefore, despite a benign cytology clinically suspicious lesions should have close clinical follow-up and should probably be excised. Papillary microcarcinoma is the most common form of PTC but it is an incidental diagnosis as most of the cases are missed owing to its small size. Awareness of pathologists regarding these pitfalls of FNAC and meticulous examination of smears with strict adherence to the diagnostic criteria of PTC can reduce false positive and false negative diagnoses and thus, provide better patient care.
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